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FREE-RADICAL ANNELATION IN THE SYNTHESIS OF BICYCLIC

B-LACTAMS. 5." SYNTHESIS OF CARBAPENAMS
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Summary: Homolytic cyclization of some alkenyl f-lactams afforded carbapenams, by exo addition, when a
vicinally disubstituted double double bond was involved, and carbacephams, by endo addition, when a ter-
minal double bond was involved.

Some years ago, we described the synthesis of the (+)-1-oxacepham and (+)-1-oxahomocepham
systems.” The key reaction in that synthesis involved the completion of the bicyclic fi-lactam backbone
through the intramolecular addition of a carbon-centered free radical to a carbon-carbon muitiple bond.
This process which followed the 6-exo addition mode in the first case, and the 7-endo addition mode in the
second, did not involve the introduction of a substantial strain in the molecule. We now describe the appli-
cation of a similar free radical annelation for the construction of the highly strained carbapenam system.?
The interest in carbapenams remains in their structural similarity to the thienamycin-type antibiotics which
derive from the unsaturated A%-carbapenam system.?
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Our synthetic strategy is based on the synthesis of nonfused fi-lactams which may be induced to
generate free radicals of type 1. Free radicals 1 may cyclize through the 5-exo mode to give carbapenam-
carbinyl radicals 2, or through the 6-endo mode to give carbacepham radicals 3. As precursors of free
radicals of type 1, we chose the chiorides 4 and 8, which were prepared from 4-allylazetidin-2-one® by con-
ventional methods.® When the chloride 4 was treated with tri-n-butylstannane (1.1 equivalent) and
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azobisisobutyronitrile (AIBN) (5 molar %) in boiling benzene (0.02M solution), the nonfused f-lactam 77,
deriving from direct hydrogen transfer to the parent free radical 1, was obtained as the major product (50%),
while the carbacepham 5° accounted for only 20% yield. The product ratio was, however, inverted when the
reaction was performed under high dilution conditions. Thus, simultaneous addition of individual solutions
of tri-n-butylstannane (1.1 equivalent) and AIBN (3 molar %) in benzene, during 90 min, to a boiling solution
of the chloride 4 in benzene (0.003M), resulted in a nearly quantitative conversion of the starting material
into a mixture of the carbacepham 5, the 2-phenylcarbacepham 6 and the nonfused fi-lactam 7 in a ratio of
6.8:2.2:1; the isolated yields of the product were, respectively, 50%, 14% and 5%. The carbacephams 5 and
6 were obtained from the same intermediate radical 3 (R=H), the former by hydrogen transfer and the latter
by homolytic substitution on benzene, which was used as solvent. No carbapenam, which would derive from
exo-cyclization involving radical 2 (R=H) was detected.
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This exclusive endo-cyclization seems to be typical of azetidin-2-ones bearing a free radical, centered ei-
ther at position-4'*"", or on the N-exocyclic carbon atom® when added to a terminal double bond."”? However,
as expected,’ annelation occurs exclusively through the exo mode when the radical adds to a substituted
multiple bond. Thus, treatment of the chloride 8° (0.02M solution in benzene) with tri-n-butylstannane (1.1
equivalent) and AIBN (5 molar %) for 90 min at 80°C afforded (nearly quantitatively) a mixture of the
carbapenams 9% and 10%, and the nonfused f-lactam 11, in a ratio of 1.9:1.7:1, respectively.® The isolated
yields were 62% for the carbapenams 9 and 10, and 20% for f-lactam 11.
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The ratio of annelated-bicyclic f-lactam to nonfused f-lactam can be further increased by augmenting
the reactivity of the radical center involved in the intramolecular addition. For example, the
4-pheny|selenomethy.lazetidin-Z-one 12" (0.007M solution in benzene) was converted (80%)° into the
2-benzylcarbapenams 14°% and 158 (1:1.8 ratio) on treatment with tri-n-butylstannane (1.1 equivalent) and
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AIBN (5 molar %) at 80°C No products derived from direct hydrogen transter to the intermediate free radical
13 or from its endo cyclization were detected.
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it is noteworthy that in addition to the high regioselectivity observed in all the cyclizations described
above, the annelations of the nonfused f-lactams 4 and 8 are also highly stereoselective with respect to the
relative configuration between the ester group and the bridgehead hydrogen atom. In fact, the reiative
configuration of carbon-3 versus carbon-5 of the carbapenams 9 and 10 is the same as that observed in the
natural penicillins and in clavulanic acid.
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